ABSTRACT
Introduction
Community acquired pneumonia (CAP), which is a very common reason for hospital admission, represents a potentially life-threatening condition [1] . CAP is the first infectious cause of death in developed countries [2] , with an estimate of 10% -25% of CAP patients do not cure in a timely manner [3] . The main reasons behind this delay are: 1) development of complications e.g., post-obstructive pneumonia, empyema, or lung abscess; 2) false perception of treatment failure. This perception may be attributed to the slow recovery in patients have superimposed problems, e.g., malignancy, inflammations, heart failure, or hospital-acquired infection [4] .
Patients diagnosed with severe CAP normally require admission to intensive care unit (ICU). More than 50% of the patients admitted to the ICU develop respiratory failure and require mechanical ventilation (MV) with a high mortality rate [5] .
Several studies have shown increased pulmonary and circulating inflammatory cytokine levels in patients with severe CAP [6] [7] [8] [9] . The levels of these mediators were strongly associated with the presence of pneumonia [6] , bacteremia, and need for MV [7] , Acute Physiology and Chronic Health Evaluation (APACHE) II and multiple organ dysfunction syndrome (MODS) scores [6, 8, 9] . It was shown that there is a direct correlation between CAP's severity and the levels of circulating inflammatory cytokines in CAP patients [6] [7] [8] 10] . One of the main factors controlling the progression of pneumonia is the host inflammatory response, which increases excessively in non-responding pneumonia [11, 12] .
Many researchers were highly motivated to study the relationship between host response and the level of stress. These studies had a great focus on the role of intact hypothalamic-pituitary-adrenal response to prevent the dissemination of pro-inflammatory storm from one organ to another following local infection [13] .
Corticosteroids, the most important natural inhibitors of inflammation, are not always effective in suppressing life-threatening systemic inflammation. The presence of systemic inflammation-induced tissue resistance to glucocorticoids and/or inadequate adrenal output might explain why older clinical trials found no efficacy with a time-limited course of massive doses of glucocorticoids [14, 15] . On the other hand, other studies have shown that prolonged treatment with moderate doses of corticosteroids might improve intracellular down-regulation of inflammatory cytokine transcription and hasten the resolution of the illness [16, 17] .
In a multicentre study conducted on CAP patients admitted to the ICU and received antibiotic treatment. The patients were randomly assigned to receive either hydrocortisone or placebo for 7 days. Treated patients showed a significant improvement in PaO 2 :FIO 2 and chest radiograph score. Also, a significant reduction in C-reactive protein (CRP) levels, MODS score, and delayed septic shock were observed, with a significant decline in the periods the patients spent in hospital and mortality [18] .
Salluh and co-authors investigated four studies focused on the use of corticosteroid in the management of CAP [5] . They showed that, the administration of corticosteroids demonstrated an improvement in both the physiological and clinical status without evidence for any increased harm.
This issue is not new, as the use of steroids as an adjunct therapy in the management of pneumonia has been recommended for more than 60 years [19] . The encouraging results of the recent low-dose hydrocortisone trials together with the fact that, till the time of writing this manuscript, glucocorticoids are not regularly used as a treatment of pneumonia in the ICUs in the Egyptian hospitals, generated the aim of the present study and evoked a reassessment of the role of glucocorticoids in CAP in the Egyptian ICUs.
Aim
The aim of the study was to assess the efficacy and safety of adjunctive low dose hydrocortisone infusion treatment in Egyptian ICU patients with CAP.
Methodology

Patients and Settings
This study was conducted between July 2010 and January 2011 where eighty adult subjects were enrolled in a randomized, double blind, interventional study. The study was conducted at critical care department, 3 rd unit, Cairo University, and the National Institute of Chest Diseases, and Intensive Care Unit of Ain-Shams Hospital, AinShams University.
Each institutional review board approved the study protocol, and the protocol of the study was registered in ClinicalTrials.gov (ref. number: NCT01228110).
Patients to be eligible for this study should be meeting the following criteria (1) presence of CAP, including two minor or one major 1998 American Thoracic Society (ATS) criterion for severe pneumonia which is modified in 2007 [20] .
Minor criteria included [18] • Respiratory rate > 30 bpm on admission;
• Ratio of PaO 2 to fraction of inspired oxygen (PaO 2 :FIO 2 ) < 250;
• Chest radiograph showing bilateral involvement or multilobar involvement;
• Systolic blood pressure < 90 mm Hg; or diastolic blood pressure < 60 mm Hg. Major criteria included [18] • Requirement of MV;
• Increase in the size of opacities on chest radiograph of  50% at 48 hours;
• Requirement of vasopressors > 4 hours; or • Serum creatinine  2 mg/dl or more. 
Study Design
Intervention group patients received maximal conventional therapy plus intravenous hydrocortisone (loading dose of 200 mg over 30 minutes, followed by 300 mg in 500 ml 0.9% saline at a rate of 12.5 mg/hr) for 7 days. The Control group subjects were entitled to receive the maximal conventional therapy plus equal volume of intravenous normal saline solution as placebo.
Patients continued to receive standard treatment after Day 7, and in the incidences of hemodynamic instabilities, hydrocortisone was administered according to the physicians' clinical judges.
2) comorbidities;
3) routine laboratory screen and arterial blood gas (ABG) at least once daily; 4) cause of pneumonia; 5) administered antibiotic regimen; 6) chest X-ray at least on admission and at day 8; and 7) Sepsis-related Organ Failure Assessment (SOFA) score daily 8) days from diagnosis to death. The primary outcomes were improvement in PaO 2 :FIO 2 (PaO 2 :FIO 2 > 300 or ≥ 100 increase from study entry), SOFA score by day 8 and the development of delayed septic shock. The adopted SOFA score was proposed by Vincent et al. [21] .
The number of MV-free days was defined as "the number of days after ventilation was discontinued " up to study day 8. Shock was defined as "requirement of vasopressors". ARDS was defined by consensus criteria [22] .
Statistical Analysis
Patients who were placed on systemic steroid therapy concomitant were compared with those not receiving steroids. Descriptive statistics were generated, specifically means, standard deviations and ranges. To minimize type I error, a p value equal to or less than 0.05 was taken as cut-off level for the level of significance. The main tests being used to analyze data extracted from this study are the Mann-Whitney for nominal continuous data.
Wilcoxon signed rank test was also used to compare the observed mean difference of the data arising when the same individuals are studied more than once. The chi-squared (X 2 ) test for categorical data used to identify by how much the two observations differ and also whether this difference is more than might reasonably be expected to occur in sampling. Statistical Package for Social Science (SPSS) was used for data analysis.
Results
In total, 80 patients hospitalized with severe CAP were recruited to be allocated to one of the two previously described groups. Of these 80 subjects, 72.25% were male with a mean (range) age of 62.23 (50 -72) years.
At baseline, the 2 groups were comparable regarding the general characteristics including age, sex, initial body temperature, blood pressure, the diagnosis of underlying diseases, severity of illness, MV and vasopressors requirements, and microbiological results. The two groups were also comparable regarding the respiratory rate > 30 bpm, PaO 2 :FIO 2 < 200, chest X-ray assessment, and other parameters at the beginning of the study ( Table 1) .
S. pneumoniae was the most common offending microorganism, followed by L. pneumophila, but the causative pathogen could not be identified in many of the patients as the culture specimen was sampled post antibiotics initiation. Almost all patients were initially treated empirically with intravenous antibiotic agents.
When the two study groups were compared, a significant elevation in PaO 2 :FIO 2 was recorded within the hydrocortisone group by the first day, and within the placebo group by the 4 th day (p = 0.027 and 0.01 respectively). By day 8, a PaO 2 :FIO 2 ≥ 300 was observed in 10 (25%) placebo group patients versus 28 (70%) patients in the steroid group with a level of significance of p = 0.003. PaO 2 :FIO 2 improved by ≥ 100 from study entry was observed in 36 (90%) of the study group compared to 12 (30%) patients in the placebo group (p < 0.001) ( Table 2 ). At study day 1, 34 versus 26 patients in placebo and hydrocortisone groups respectively were placed on MV (p = 0.18), while at day 8, 26 versus 10 patients in placebo and hydrocortisone groups respectively were still ventilated (p = 0.01). Also, the hydrocortisone group showed a significant reduction (p = 0.002) in the duration of MV by day 8 (Figure 1 ). group and 95% in the hydrocortisone group with no significant difference between the two groups (p = 0.66). All non-survivors required MV and had progression of radiographic densities on chest radiograph. All (95%) but 2 patients developed pressor-dependent shock. The 2 patients without shock had L. pneumonia that progressed to ARDS. Other complications included two (5%) liver failure cases, and two (5%) lung abscess cases in the placebo group, and two (5%) drug-induced hepatitis conditions in the hydrocortisone-treated group (Figure 3) .
A progressive reduction in CRP values was observed in the hydrocortisone group. A significant difference (p = 0.0001) from the control group was reported by day 8 (Figure 2) .
Adverse events were few and the two groups were comparable. When the two groups were compared with respect to the major complications experienced by the recruited patients, it was found that 6 (15%) placebo patients developed ARDS, 2 (5%) died by day 5; the other 4 (10%) died by day 7. Survival to ICU discharge was 85% in the placebo 
Discussion
Corticosteroids have been used successfully in the management of several infective and non-infective respiratory conditions, including miliary TB, [23] Pneumocystis carinii pneumonia, [24] AIDS and other immunocompromised states, vasculitides [25] gastric acid aspiration, [26] and ARDS [27] . Other studies have demonstrated the efficacy of steroid in managing septic shock, [28] meningitis, [29] and pneumonia caused by Pneumocystis jiroveci [30] . Although this is not the first study evaluating the efficacy and safety of hydrocortisone in patients with pneumonia, it is the first one to focus on management of CAP in the Egyptian ICUs. In the present study, hydrocortisone treated patients showed a significant improvement in PaO 2 :FIO 2 , chest radiograph score, and a significant decline in SOFA score, CRP levels, and delayed septic shock when compared to the control group. Hydrocortisone treatment was associated with a significant decline in the duration of MV. However, hydrocortisone infusion did not show significant difference in the ICU mortality.
It is expected that systemic inflammation can occur in patients with severe CAP. Several studies have reported increased local and systemic inflammatory cytokine levels in CAP patients as the first step of the immune response. These studies recommended the presence of a fine balance between cytokine pro-inflammatory and anti-inflammatory activities, which is very critical in the host response [6, 7, 31] . Sibila et al. explained in a study conducted on severe pneumonia patients, that despite the inflammatory response initially being compartmentalised, elevation in plasma cytokine levels is detected and was strongly connected to poor prognosis [32] . Yende et al. in 2005 , has demonstrated that patients with increased levels of inflammatory cytokines prior to infection were at higher risk of suffering from CAP. This could be attributed to the up-regulated adherence of bacteria to human alveolar epithelial cells. This happens by increasing expression of receptors that bind to these organisms suggesting an essential role of the inflammatory response in the pathogenicity of the infection [33] .
Evidence recommends that early administration of corticosteroids may modify the inflammatory response [34] . It is believed that corticoids inhibit the action of many cytokines associated with pneumonia. At the molecular level, corticosteroids inhibits the transcription of genes coding for cytokines, results in a decrease in the release of macrophage-derived pro-inflammatory cytokines [35] , which in turn inhibits the T-cells and eosinophil functions. Production of leukotrienes and prostaglandins is also inhibited [36] . It is also possible that corticosteroids may favorably alter pulmonary heamodynamics [37] .
The response to hydrocortisone treatment observed in the present study and in other randomized trials of patients with septic shock [28, [38] [39] [40] [41] and severe pneumocystis pneumonia [42] contrasts with the negative findings of older trials. These negative finding may be related to the short duration of treatment [14, 15] . Among a number of studies in support of this hypothesis [14] , a randomized trial of patients with severe CAP found that a single dose of hydrocortisone (10 mg/kg) before antibiotic administration showed no effect on plasma TNFlevels [43] .
On the other hand, Monton and coworkers [44] demonstrated that the co-administration of steroids with antibiotic treatment reduces the lung inflammatory responses in severe pneumonia and on MV, which supports the results of the present study.
In 2006, Mikami et al. studied the effect of low dose steroids on Japanese adult CAP patients, who received 40 mg intravenous prednisolone for 7 days. The steroids group demonstrated faster stabilization, which lead to the conclusion that, the administration of corticosteroids in moderate-severe CAP, resolve the clinical symptoms and shorten the duration of intravenous antibiotic therapy [45] .
The same dose of prednisolone was used for the same duration in a study conducted by Snijders et al., in 2010 and opposing to what was expected, the results were different. Although patients on prednisolone had faster defervescence and faster decline in serum CRP levels compared with placebo, data analysis did not show differences in clinical outcome. Late failure was significantly more common in the patients who had prednisolone than those on placebo. So, it was concluded that 40 mg prednisolone daily for one week does not improve the outcomes in hospitalized patients diagnosed with CAP [46] .
Keh et al. [28] confirmed the beneficial effects of low-dose glucocorticoids, where rapid haemodynamic stabilization was achieved in patients with septic shock who received low doses of hydrocortisone. They confirmed that hydrocortisone attenuates the inflammatory response, but does not have any effect on macrophages and monocytes.
The correlation between organ failure, assessed by MODS, and systemic inflammation, assessed by CRP, suggests that a good clinical course is associated with resolution of the inflammatory process whereas a clinical deterioration is associated with ongoing inflammation. The justification of the clinical improvement shown in the present study can be based on what was explained by Confalonieri et al., which was based on possible immunomodulatory effects of the steroid infusion, thus accelerating the development of acute lung injury and multiorgan failure [18] .
It was also observed in the present study that, no evidence for any increased risk of superinfection, bleeding, or neuromuscular weakness, whereas hypernatremia and hyperglycaemia occurred more frequently in the studied subjects. Sprung et al., showed an increased incidence of superinfection, including new episodes of sepsis or septic shock, in the hydrocortisone group [47] . This variation in the results may be attributed to the variation in the doses used and the duration of the treatment, where in Sprung et al. study, hydrocortisone was used for the longer treatment period. Previous studies with high-dose corticosteroids have shown similar findings to the present study, whereas the study conducted by the Acute Respiratory Distress Syndrome (ARDS) Network [48] using higher doses of corticosteroids and meta-analyses of studies that used low doses [15, 49] did not report higher rates of infectious complications.
Despite these results, it is still important for physicians to adopt prophylactic measures and to screen the patients daily for possible complications.
Studies involving critically ill patients have reported an association between corticosteroid therapy and the incidence of neuromuscular weakness [48, 50] . We did not see this in the present study, although electrophysiological testing was not performed.
Regarding the mortality, in contrast to what was found in the present study, two studies found a significant reduction in mortality for patients with severe CAP treated with corticosteroids [9, 18] . Garcia-Vidal and colleagues [9] evaluated 308 patients in a large retrospective single-center cohort study and demonstrated that the use of corticosteroids was strongly associated with a lower mortality. The discrepancies between the two studies may be attributed to the difference in the type of the study and the adopted type of corticosteroid and the treatment duration period, were these patients were treated with a median dose of 45 mg/day of methylprednisolone for a mean period of 11.4 days.
The study of Confalonieri and colleagues [18] , showed an impressive reduction in hospital mortality with a 7-day continuous infusion of hydrocortisone (240 mg/day). This difference may be attributed to the difference in the sample size used in the present study (80 patients) and in Confalonieri study (46 patients).
Based upon the clinical observations, it is believed that low dose of corticosteroid should be considered in addition to the antibacterial therapy together with an appropriate supportive care in the management of pneumonia. This study should form the nucleus for other randomized studies in Egypt as no other relevant studies are available nationally.
Study Limitation
The small sample size was the main weak point in present study. This can be attributed to the self-funding nature of the study. This limited sample size may have biased the estimate of the treatment effect on mortality, a larger randomized trial is recommended to support the mortality findings of this trial.
Secondly, old weaning guidelines were used and NIV was not adopted in the two studied centers. However, because of the parallel control nature of the study, the two designed groups were treated in the same way, where any difference in the outcomes between the two studied groups could be attributed to the corticosteroid intervention.
Finally, in developing countries, due to limited access to expensive diagnostic procedures, it was difficult to assess the adrenal gland functions and the endogenous steroids.
Conclusion
Among the hospitalized patients with CAP, hydrocortisone was associated with significant clinical improvement, fastens recovery of pneumonia and prevented the development of sepsis related complications with a significant reduction in MV duration, but it does not affect the mortality. At least for now, corticosteroids should routinely be used as adjunctive therapy for CAP in the ICU.
